ABSTRACT X-ray scattering titrations at 21 C and in ribosomal reconstitution buffer indicate that the S4-RNA and the protein S4 form a 1:1 complex with a stability constant, log K~ 6.5. When the complex forms, there is only a limited change in the scattering curve indicating that S4-RNA essentially retains its conformation during the complex formation. The increase in the gyration radius as a result of the complex formation, AR =• 4 ± 3 A, as well as the experimental scattering curve of the complex can be explained by models where the protein S4 is supposed to interact with the periphery of the S4-RNA.
INTRODUCTION
The protein S4 of Escherichia coli ribosomes forms a specific complex with 16S RNA which is necessary for the assembling process of the 30S subunit (1-9). This binding site for the protein S4, denoted S4-RNA, comprises about 400 to 450 nucleotides of the one-third of 16S RNA present at the 5'-end (6,7); S4-RNA and its corresponding complex with protein S4 can be isolated in fairly homogeneous form, and they have been the subject of two recent studies (10,11). However, so far, it is not known whether or not S4-RNA undergoes a marked conformational change on complex formation, and the stoichiometry and stability of the main complex are not completely known. Using the small-angle X-ray scattering method, the shapes of S4-RNA and the S4 protein were characterized in the form of an oblate ellipsoid and a highly elongated ellipsoid, respectively (10,12). The dimensions of these two models indicate that both the S4-RNA and the S4 protein must extend through the entire 30S subunit and most likely constitute its central framework.
In this work, the complex formation between S4-RNA and S4 have been studied by small-angle X-ray•titration;
the results indicate that a 1:1 complex predominates in the solution with a stability constant, log K ~ 6.5.
A comparison between the S4-RNA scattering curve and that of the complex indicates that S4-RNA essentially retains its conformation during the complex formation.
MATERIALS AND METHODS
The protein S4 was prepared under the gentle non-denaturing conditions, where urea, extreme of pH and lyophilization are carefully avoided (13), cf. contribution of S4, the scattering curve is very little influenced by the shape of S4. As a first approximation, we assumed the highly elongated shape for S4 reported previously (12) , modified to the dimensions 180x21x21 A. This is based on a recent study on a S4-fragment which constitutes 78 X of S4 protein (30, 31) ; the radius of gyration of the fragment was determined to 40 A and the X-ray curve could be described by a prolate two-parameter ellipsoid with the dimensions 168x21x21 A (32). The modified S4 model describes the previous experimental data (12) in the proximal angular range, but deviates to a certain extent in the distal angular range. We believe that the deviation can be explained by the assumption that the internal structure contributes to the intensity in the distal angular range. Thus, for the S4 protein, a compact model may only be considered as the very first approximation. However, in this study, where the X-ray scattering data are quite insensitive to the conformation of S4, the modified model for S4 stated above was used. It was then found that, within the experimental errors, the scattering from various models can explain the data provided that the electron density centres of the two molecules are fairly far apart. The scattering from one of these models yields the curve shown in Fig. 3 . In this particular model, the S4 model is placed at the periphery of the RNA model so that the long axis of S4 is parallel to and slightly above the plane through the two long axes of the oblate RNA model; the centre of S4 being at the middle of the chord forming the projection of the S4 long axis on this plane, and the projection of a short axis of S4, parallel to this RNA plane, coincides with the peripheral part of a radius of the RNA plane. It follows from Fig. 3 that the scattering curve of the model shows good agreement with the data in the proximal angular range. At wide angles, however, where the internal periodicity strongly affects the X-ray scattering and where models more complex than a compact one are required to explain the data, as expected, there is a successive deviation between the calculated curve and the data.
Thus, the present study indicates that the conformation of S4-RNA is essentially retained after forming a 1:1 complex with the S4 protein. Although the X-ray scattering from the complex is dominated by RNA and is therefore relatively insensitive to changes in the protein conformation, the increase in radius of gyration indicates that the electron density centres of the two molecules axe relatively far apart. One of the models of the complex which explains the shape region of the X-ray scattering curve is the one where S4 interacts with the peripheral part of S4-RNA (Fig. 3) .
